Severe Combined Immunodeficiency (SCID) is a lethal and autosomal recessive hereditary disorder, which has frequently been reported in Arabian horses, dogs, mice and humans. The genetic basis of equine SCID is 5-base pairs deletion in the DNA-dependent protein kinase catalytic subunit (DNA-PKcs) gene. Up to date, there is no information on the presence of SCID in Arabian horses reared in Turkey either by clinical observation or molecular diagnosis. The main aims of this study were to investigate the presence of SCID mutant allele carrier and to determine SCID incidence in Turkey using molecular techniques. In the study, DNA samples were obtained from 239 Arabian horses raised in state stud farms of Turkey (Karacabey, n=70; Anadolu, n=70 and Sultansuyu, n=99) and they were analyzed using DNA-PKcs gene specific polymerase chain reaction and fragment analysis by capillary electrophoresis. The result of the study showed that, none of the examined Arabian horses has SCID mutation on their responsible gene region. In conclusion, no SCID carrier was identified among examined stud Arabian horses that were representing the 65.5% (239 out of 365) of all officially registered stud animals in Turkey. It is believed that, this first genetic screening study focused on the SCID determination at national level and the evidence of the disease absence have the potential to increase breeding value of Arabian horses originated from Turkey.
Introduction
Severe Combined Immunodeficiency (SCID) is a well-known genetic disorder reported only in Arabian horses and crossbreeds, dogs, mice and humans (7, 10, 13, 20) . The animals having mutant SCID genotype show T and B lymphocyte depletion in their bone marrows, lymph nodes and spleen (13) . They generally die after a short period of non-specific secondary infections coassociated with cellular and humoral immunodeficiency (1, 4, 8, 19) . The genetic basis of equine SCID is the deletion of 5 base pairs (TCTCA) beginning with codon 9480 in the DNA-protein kinase catalytic subunit (DNAPKcs) in the short arm of chromosome 9 (ECA9p12) (2, 16, 25) . This mutation causes a frame-shift mutation and premature termination and results in a deletion of 967 amino acids that include the phosphatidylinositol 3-kinase (PI3-kinase) region on the C-terminal and therefore an inactive DNA-PKcs protein (13, 16) . DNAPKcs is a factor in DNA repair process and it is an essential protein for non-homologous DNA end joining (NHEJ) (16, 18) . Therefore, the absence of this protein leads to errors in V(D)J recombination and prevents the development of the antigen-specific immune response by causing a deficiency in differentiation and maturity of lymphocytes (25) . As a result, affected foals become extremely sensitive to secondary opportunistic infectious agents; Equine adenovirus, Pneumocystis carinii, Cryptosporidium parvum, and Rhodococcus equi. Most of the affected foals with severe immunodeficiency generally die before they reached to their six months of ages. Thus, SCID is one of the most frequent causes of Arabian foal deaths, which are unresponsive to the antimicrobial treatment (1, 4, 8, 9, 19) . It also means that, even though all-infectious etiologies lying under the clinical course are treated, SCID maintains tremendous immunodeficiency in those foals. Therefore, they may die after an opportunistic infection originating from microorganisms normally found on the mucosa of healthy immunocompetent animals.
When the performances of Arabian racehorses raised in Turkey, Russia, the United States of America (USA) and Qatar are compared, Turkish Arabian horses place well in the world rankings (24) . However, there is no research investigating hereditary diseases in horses raised in Turkey, and even there is still insufficient data regarding screening, control and possible impacts on international trade of such genetic disorders. In developed countries (USA, Australia, Canada, England, etc.), routine DNA tests that provide accredited results in quite short time, are used for identification of hereditary diseases at professional horse-breeding facilities (5, 26) . As a result, horses with hereditary diseases are removed from the breeding program, thus ensuring that these genetic faults are not transferred through the new generations. Severe combined immunodeficiency is one of the most important hereditary diseases in horses. The first equine SCID cases were reported in 5 to 8-monthsold 29 Arabian foals, had limited resistance to infections (10) . Later, similar immunodeficiency syndromes were also described by several researchers in Arabian horses from different geographic regions (6, 9, 23) . Studies indicated that the immunodeficiency observed in these foals was caused by lymphopenia, hypogammaglobulinaemia, the failure of germinal centers to form in lymphoid organs (7, 10, 12, 13, 25) . The findings described in these studies were only reported in Arabian horses and exhibited autosomal recessive genetic disorder (5, 12) . SCID can be diagnosed by looking for the presence of characteristic laboratory and clinical findings, as is the case with numerous hereditary diseases. However, the clinical findings that emerge with SCID are not always sufficient for a definitive diagnosis, and heterozygous animals do not exhibit clinical findings (13) .
Arabian horse breeding, in addition to its former military significance, is still economically and socially important for Turkey. For this reason, stud breeding and horse sales have mainly been carried out by the state since the times of the Ottoman Empire. To date, SCID has never been identified by clinical diagnosis in Turkish Arabian horses, and the purpose of this study was to use molecular techniques to see if it was present and if so, the incidence of carriers.
Materials and Methods
Animal material: In this study, stud Arabian horses kept in three state farms in Turkey, Anadolu, Karacabey and Sultansuyu facilities of the Ministry of Agriculture, were visited between 2009 and 2010. At those farms, the blood samples were collected from 239 out of 365 clinically healthy Arabian horses by using intravenous catheter into vacutainer tubes containing K 3 EDTA. During the selection procedure of the animals, at least 3 years residence was taken into account in those stud farms. The information on total horse population and sampled animals ratio in each farm was given in Table 1 . The mean ages of the horses included in the study was calculated as 10±5.7 (minimum: 3, maximum: 22) using official data given by Ministry of Food, Agriculture and Livestock, Turkey (http://www.tigem.gov.tr/isletmeler). Distribution of the examined horses among different age groups was also given in Figure 1 . All the examined horses and their parents are indigenous, except imported animals from Poland (n=3) and USA (n=9). Total DNA isolation: DNA extractions from whole blood samples were performed using the spin-column based commercial kits (DNeasy Blood&TissueKit, Qiagen GmbH, Hilden, Germany). DNA was quantified by spectrophotometry at wavelengths of 260nm and 280nm.
PCR and fragment analysis: PCR analysis was conducted in compliance with the method proposed by Swinburne et al. (20) . PCR was performed in a 25μl reaction mixture containing 100ng of genomic DNA, 3mM MgCl 2 , 5pmol of each primer, 200µM of each dNTP, 1U Taq DNA polymerase and 1X PCR buffer (10mM Tris-HCl, pH 9.0; 50mM KCl), using the Mastercycler thermal cycler (Eppendorf AG) under the following conditions: First denaturation for 4 min at 94°C followed by 30 cycles of 30 sec denaturation at 94°C, 30 sec primer annealing at 62°C and 70 sec extension at 72 °C with a final extension of 15 min at 70°C. Forward and reverse primer sequences were 5′-AAG TTG GTC TTG TCA TTG AGC-3′ and 5′-TTT GTG ATG ATG TCA TCC CAG -3′, respectively, and would yield a product 163 bp in length. Electrophoresis of amplicons was conducted for 30 min at 120V in 4% agarose gel (NuSieve GTG, Lonza) containing ethidium bromide, which the manufacturer describes as providing resolution up to two bp. The size of the PCR product was confirmed by using DNA molecular size standards under UV-light. Controls were included in each set of PCR amplifications of suspected sample DNA. A negative control lacking DNA template as well as a positive control containing DNA extracted from a SCID heterozygous individual were used. For fragment analysis and capillary electrophoresis, which allow more sensitive base resolution, the forward primer was also labeled with WellRED D4 dye (Sigma, Proligo, St. Louis, MO) and loaded into the CEQ 8000 DNA Fragment Analyzer (Beckman Coulter Inc.) using a CEQ 400 bp DNA size standard (Beckman Coulter Inc., Cat no 608098). In healthy individuals, it was thought that the amplified region would yield 163 base fragments (wild allele), while the individuals carrying the allele with the 5-base deletion would yield 158 base fragments (mutant allele).
Results
In the study, a single-type banding pattern was observed in all of the samples on agarose gel electrophoresis following PCR amplification. This image was identified as an expression of a wild kind of homozygous genotype. However, in order to test the possibility of a false negative result caused by the resolution of agarose gel electrophoresis, fragment analysis was conducted in capillary electrophoresis by means of the labeled forward primer. All of the samples were again amplified with the labeled primer in accordance with the fragment analysis. Figure 2 shows the heterozygous DNA fragment peaks for the amplified region of positive control sample. The homozygous peak was observed above 163 base pairs that were accredited as wild allele in all samples. On the other hand, the heterozygous band pattern carrying the mutant allele (158bp) was not observed in any of the samples, and so no carriers were identified in the Turkish population of Arabian horses in the state studs. The results of the fragment analysis for all of the animals were recorded and reported to General Directorate of Agricultural Enterprises (TIGEM). 
Discussion and Conclusion
Severe combined immunodeficiency is a genetic disorder and it can be transmitted throughout the next generations of stud horses carrying its causative mutant alleles (25) . However, while heterozygous Arabian horses appear healthy, homozygous newborn foals often die consequent to challenge with enormous viral, bacterial and parasitary complications (1, 4, 8, 9, 19) . Therefore, stud Arabian horses using in the breeding programs, do not show any clinical signs of SCID and the disease can be overlooked. This silent and subclinical feature of the SCID may cause a tremendous increase in the incidence where the stud horses were not tested genetically.
After development of reliable and useful DNAbased tests, contemporary incidence values of SCID carrier and clinically affected foals have been increasingly reported from different countries (3, 11, 14, 21, 20, 22, 26) . For example, it is reported that 17 of 204 (8.3%) foals are found SCID affected in Australia (11) .
Otherwise, expected ratio of affected foals has been estimated as low as 0.18% in USA (3). The frequencies of the SCID carriers were reported 8.4% in USA (3), 7% in Morocco (14), 1.5% in Brazil (21) and 2.8% in the United Kingdom (20) . No carriers have been identified in tested 271 and 106 Arabian horses of Poland and Slovenia, respectively (22, 26) . Poppie and McGuire (15) estimated that the 25.7% frequency in heterozygous carrier animals by the aid of 2.3% SCID incidence in USA. The high levels of the percentages of carriers suggest that in some countries inbreeding is highly being practiced. Nevertheless, in order to interpret these percentages, one would have to take into consideration which countries exported breeding animals to the other and the incidence of the disease in these countries.
Various methods are used to determine heterozygosis in SCID. These include polymerase chain reaction analysis (3, 14, 26) , polymerase chain reaction followed by southern hybridization analysis (17) and fragment and sequence analysis based on capillary electrophoresis (20) . In this study, PCR followed by high-resolution agarose gel electrophoresis was chosen because of its user-friendly application and economical advantage (26) . However, as agarose gel technique has weakness on the differentiation of homozygous and heterozygous individuals, then accuracy of the analysis is also confirmed by fragment analysis by capillary electrophoresis in this study.
In the present study, no SCID carrier was identified with PCR analysis and fragment analysis of examined 239 Arabian horses. Although nine of them were exported from USA, which has high-level of SCID carriers, they were also found homozygous wild type (3). In Turkey, Arabian stud horses are mostly raised at the state stud farms and the total number of registered stud horses is 365 according to TIGEM official records. Thus, in this study the great majority of those stud horses (65.5%, 239 out of 365) were screened for SCID.
In conclusion; considering the age groups and hence the birth years of the examined horses, the present study, put forward to consideration about stud horses born between from 1987 to 2006 years in the state stud farms. In this regard, a contribution has been made to contemporary literature by demonstrating the current situation regarding SCID carriers in state stud farms in Turkey. This conclusion enhances the breeding value of Turkish Arabian horses. Nonetheless, there is no information current situation and frequency of SCID in total Arabian horse population including all indigenous and imported Arabian horses in commercial stud farms and private breeding farms in Turkey. Consequently, in order to claim that this disease is entirely absent from the population, all of the stud farms and imported horses should also be examined in terms of SCID.
